To estimate the years of life lost by the Brazilian population due to mouth and pharynx cancer from 1979 to 2013, and analyze the temporal trends in the studied period, according to the country's region, sex and anatomical site.
INTRODUCTION
Mouth and pharynx cancer are considered a public health problem all over the world. It is estimated that in 2015, 571,386 new cases of the disease emerged, and 316,168 people died as a result of these tumors worldwide. According to the International Agency for Research on Cancer, these values are expected to rise in the quinquennium from 2016 to 2020, reaching 350,000 deaths and 639,171 new cases in 2020 1 .
In Latin America, the estimated number of deaths in 2015 was 33,925, with Brazil being the country with the largest number of cases in the region 1 . The mortality rate for mouth and pharynx cancer in Brazil is 5.91/100,000 inhabitants, while other countries in the region, such as Argentina, Chile, Colombia and Mexico, did not have more than three deaths per 100,000 inhabitants 1 . From 1979 to 2002, the mortality rate was 2.7 per 100,000 inhabitants 2 , but in 2013, according to data from the Informatics Department of the Unified Health System (Datasus), the rate reached 3.6 deaths for each 100,000 inhabitants, indicating a 33% increase compared to the previous year.
The National Cancer Institute (Inca) estimates the incidence risk to be 7.8 per 100,000 inhabitants, with 11.27 new cases for every 100,000 men and 4.21 for every 100,000 women 3 . It is estimated that in 2020, mouth and pharynx cancer will correspond to more than 21 thousand new cases and kill more than 10 thousand people in Brazil 1 .
Although mortality rates allow the analysis of the risk of deaths in different regions of the world, they do not include these deaths' impact on the communities, since they do not consider the age of death (early or otherwise). The potential years of life lost (PYLL) indicator covers premature mortality, the magnitude of causes and the social impact of diseases, since prematurity affects the individual's economic and social potential in society. Moreover, this indicator is an alternative for the development of cancer prevention actions, enabling interventions in specific risk groups and assisting the improvement in the use of existing resources 4 . The temporal trend analysis enhances the understanding of the dynamics, follow-up, and evolution of the deaths that occurred over the years, also allowing to make predictions, which contributes effectively to the planning of actions 5 .
A search conducted in the PubMed database (Medline) in March 2018 on "oral cancer" and "potential years of life lost" did not identify recent studies analyzing the rates of years of life lost due to mouth and pharynx cancer in Brazil. Given this knowledge gap and the relevance of the theme, the present study was carried out to analyze the trend of premature mortality due to mouth and pharynx cancer in Brazil from 1979 to 2013.
METHODS
Data on the deaths by mouth and pharynx cancer in Brazil of individuals aged between zero and 69 years old that occurred in the country from 1979, year of the beginning of data collection on the national level by the Ministry of Health's Mortality Information System (SIM), until 2013, were analyzed. The observations ignoring sex, 26 in total (0.02% of the cases), were not included in the analysis of the rates according to sex.
The method for calculating PYLL is an adaptation of the proposal of Romeder and McWhinnie 6 . It consists in the sum of the number of deaths in each age group multiplied by the number of years missing until the reference age, which was 69 years old in the present study. There are different cutoff points to define this reference age in the literature. The authors argue that, by including the deaths of people with higher ages, the weight given to it in the calculation of natural causes of death would be too great, and premature mortality would not be properly identified.
The deaths that occurred between 1979 and 1995 were classified according to the ninth revision of the International Classification of Diseases (ICD), and those that occurred between 1996 and 2013, according to the tenth revision. To allow the comparability of data throughout the period according to the main cause of death, codes 140.0 to 145.9 of ICD-9 and C00.0 to C8.9 of ICD-10 were classified as deaths by mouth cancer, and codes 146.0 to 149.9 of ICD-9 and C09 to C14.8 of ICD-10 as deaths by pharynx cancer, to neutralize the influence that the change in the coding could have on the results. The deaths were categorized according to the macro-region of residence, sex and age group (every five years).
The values of the resident population required for the calculation of the rates were obtained from the censuses performed by the Brazilian Institute of Geography and Statistics (IBGE) in 1980, 1991, 2000, 2010 , and from intercensal estimates for the other years, available on the Datasus website.
The criteria for establishing the reference age used in the calculation of the potential years of life lost varies from author to author. A broad discussion regarding the inclusion or exclusion of deaths of children under one year old and the age to be considered as the upper limit can be found in the literature 4 . Considering that the analysis of the present study includes only mouth and pharynx cancer and that the mortality due to this disease of children under one year is also of interest to the authors, the 50 deaths in this age group were not excluded (0.04% of the cases).
The original method for calculating PYLL uses Equation 1, where d i represents the number of deaths between ages i and i + 1, and a i represents the number of missing years until the reference age when death occurs between ages i and i + 1.
The calculation of PYLL may be simplified by using five-year groups, as shown in Equation 2, with less than 2% divergence in the results 6 .
In this case, D q represents the number of deaths in each quinquennium q, and A q represents the difference between the quinquennium's mean age q and the established reference age.
To compare PYLL between sexes, anatomical site and regions, the PYLL rates 7 per 10,000 inhabitants were calculated, and subsequently standardized using the direct method of Equation 3 . The Brazilian population of 2012 was used as the standard population.
In this equation, P q = number of people whose ages are included in quinquennium q in the current population; P qr = number of people whose ages are included in quinquennium q in the reference population; and N r = number of people aged between zero and 69 years old in the reference population.
Finally, the temporal trend of PYLL rates was calculated according to the Prais-Winsten method with correction for first-order autocorrelation, according to equations 4 and 5:
where "b" corresponds to the annual growth rate, "se" is the default error's value, and the value of "t" is provided by Student's t distribution. For further details on this methodology, the reader may consult the work developed by Antunes and Waldman 8 .
The upward, downward or stagnation trend was expressed as annual percentage variation (APV) and was considered stationary when the regression coefficient did not differ from zero (p > 0.05). All analyses were carried out using version 13 of the Stata program (Stata Corp., College Station, USA).
To facilitate the visualization of the trend of the historical series in the graphs, it was smoothed with the centered moving average technique of third order for white noise reduction 9 .
RESULTS
During the study period, 146,925 deaths due to mouth and pharynx cancer were recorded, and 73.2% of them were of people under 70 years of age. Between 1979 and 2013, these deaths resulted in a total loss of 1,589,501 potential years of life in Brazil. In population terms, this value reflects an average rate of 3.6 PYLL per 10,000 inhabitants (data not shown).
There was a significant disparity in the distribution of premature deaths between men and women. Of the total years of life lost, 1,342,939 were attributed to males, with approximately eight out of 10 deaths having been premature. The ratio of the PYLL rate per 10,000 inhabitants between men and women was 6:1. The number of deaths and years of life lost with their rates, according to sex, may be seen in Table 1 . It is worth noting that this table does not present the 26 cases ignoring sex, which accounted for 0.02% of the sample and were disregarded in the calculations of the rates by sex.
In the analysis according to anatomical site, 46.3% of the premature deaths corresponded to mouth cancer, with an average PYLL rate of 1.7 per 10,000 inhabitants, thus contributing with The historical series of PYLL rates for mouth and pharynx cancer (together) showed an upward trend for both sexes. For men, APV was 0.72%, while for women, whose APV was 1.13%, the upward trend was more accentuated, as may be seen in Figure 1 .
The historical series of APV rates for pharynx cancer also showed an upward trend, with 1.05% APV, and may be seen in Figure 2 . The premature mortality due to mouth cancer showed stability.
In the analysis by regions, the upward trend was observed for the Northern (APV: 1.63%), Midwest (APV: 2.63%) and Northeast regions (APV: 3.23%), which may be seen in Figure 3 and Table 3 . In the Southeast and South regions, the trends of premature mortality due to mouth and pharynx cancer showed stability. The Prais-Winsten regression coefficients and the PYLL rates' APV according to region, sex and anatomical site are presented in Table 3 . 
DISCUSSION
Premature mortality due to mouth and pharynx cancer showed an upward trend in the period between 1979 and 2013 in Brazil. Differences in intensity were identified according to sex and region of residence, with higher increase in females and in the Northeast region. The disease's load analysis aims to describe as accurately as possible its impact on the lives of those who have it, and can be measured by several indicators, one of them being the potential years of life lost.
By incorporating trend analysis into the historical series of rates to study the behavior of premature mortality in the long term, the present study observed a positive annual percentage variation for both sexes in the rate of years of life lost due to mouth and pharynx cancer. According to the results observed by Alves and Neto, this reality is not very different from those of other neoplasms, which showed an increase in the premature mortality trend analysis for the period from 2000 to 2011 10 .
The behavior of premature mortality rates for mouth and pharynx cancer in the long term is mainly affected by exposure in the past to the main risk factors, alcoholism and smoking. Studies show that adolescents start smoking increasingly early, especially males 11 . It may be noted that the prevalence of the regular use of dental services was directly proportional to age, that is, the younger the patient, the lower the number of dentist appointments.
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In this study, the high number of years of life lost by the male population during the study period (85% of the total), as well as the PYLL rates' ratio, according to which the value observed in men is 6 times higher than that observed in women, show a great loss in the young and productive male population. Even still, the trend analysis showed an increase in both sexes, with the annual percentage variation for women being twice that of men. The adequate use of health services, among other factors, such as early diagnosis, strongly influences premature mortality.
The worldwide prevalence of cigarette consumption almost tripled in the period between 1950 and 2009, but began to decline in the 1980s. In Brazil, a reduction in the prevalence of cigarette consumption among adults may be observed, with the proportion of men who use cigarettes being more than twice higher than that of women 13 . Cigarette consumption is one of the main risk factors of mouth and pharynx cancer. It is expected that the changes in the prevalence of consumption are related to the behavior of the mortality rates of these types of cancer.
The anatomical site analysis shows that although the rates of mouth and pharynx cancer do not differ significantly, the PYLL rate was 20% higher for pharynx cancer than for mouth cancer. In addition, a 1% increase in the PYLL trend was observed for pharynx cancer during the study period. These findings suggest either greater difficulty in the timely diagnosis of pharynx cancer or an increase in the number of cases in this region, strongly associated with HPV infection.
The mortality rates of mouth and pharynx cancer have always been higher in the Southeast and South regions when compared to other regions 10 . This could be related to the fact that the Southeast and South regions are associated with greater exposure to risk factors such as alcoholism and smoking 14 . According to data from Datasus, the PYLL rate in the South region was 4.7 per 100,000 inhabitants in 2013, three times higher than the rate of the North region and two times higher than that of the Northeast region.
Considering that the PYLL rate is affected by both the age and the number of deaths, a high PYLL value was expected in the Southeast and South regions. These regions, despite having stable trends, showed an average PYLL rate that was three times higher than that of the North region, which had the lowest rate of all.
An increase in the trend of the PYLL rates was observed in the regions with the lowest mortality rates (North, Northeast and Midwest). The highest increase was observed in the Northeast region. The difference in the rate trends between regions obeys several conditions that influence inequality. The North and Northeast regions have the lowest rates of health professionals in activity 15 . Due to its relationship with socioeconomic inequalities, mouth and pharynx cancer have a high mortality burden, especially in the most socio-economically vulnerable population groups.
The upward global trend of mouth and pharynx cancer found in this study would seem very close to stability if it was not masking the differences between the sexes. It is important to consider that this variation covers each year of a fairly long period, which means we cannot expect a linear behavior of these outcomes.
Due to the unavailability of similar studies in Brazil, it was not possible to compare the findings with previous studies. However, a study developed by Ibayashi et al. 16 in Japan showed that, in 2005, men corresponded to 73% of the PYLL rate for mouth and pharynx cancer. These results are similar to those observed in the present study, which shows the impact of premature mortality among males. Ibayashi et al. 16 observed that the PYLL rate in men (3.16 per 100,000) was four times higher than in women (0.78 per 100,000 inhabitants), having concluded that the specific sites responsible for the higher PYLL rate were oropharynx and tongue cancer, although they regretted not having used this indicator to analyze the rate for mouth and pharynx cancer more broadly, on both a national and international scale.
A limitation of this article refers to the interpretation of the rate trends, especially on the regional level, which requires caution, since regional inequalities in the collection of mortality data and the quality of the information systems should be considered. Analyses that are based on secondary records depend on the quality of the system of notification of deaths. The underreporting of deaths and the lack of accuracy in the definition of the cause of death may influence the results of the study by generating reduced rates that do not reflect reality. Similarly, the decrease in underreporting in regions characterized by poor quality of medical care may be influencing the increase in trends more than the increase in premature mortality itself.
As a positive aspect, it worth noting that the quality of the mortality data provided by SIM has been verified in several studies 17, 18 . These studies have observed a gradual increase in the system's scope since its decentralization in 1992, and corroborate the adequate filling of the data in a percentage around 90%.
Health information systems in Brazil have shown great advances in the coverage of records. In the case of SIM, 96.1% coverage had already been reached in 2011. In the Southeast, South and Midwest regions, this coverage is close to 100%, while in the North and Northeast regions, only four federative units have coverage between 80% and 90%, and the others have coverage above 90%. With regard to the percentage of deaths with ill-defined underlying cause, a decline has been observed over the years, from 7.2% to 6.7% in the period from 2009 to 2011. The South and Midwest regions are those with lowest underreporting rates, with percentages of deaths due to ill-defined basic causes corresponding to 4.5% and 4.4%, respectively 19 .
The reduction in deaths due to ill-defined causes, especially in the North Another limitation of the study could be the use of 69 years of age as the reference age, which may seem like an arbitrary choice in a study analyzing a population with discretionary life expectancy between genders. However, the reference age in this work is the age used in the methodology for calculation of the PYLL rate proposed by Romeder and McWhinnie
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, which considers premature the deaths of those under 70 years old. The use of the life expectancy according to gender is more appropriate when one wants to know the years of life lost during the productive period of each sex (WYPLL) 5 . This method favors the analysis of premature deaths focusing on differentiated life expectancy and the retirement age of each sex to analyze the loss of productivity due to these deaths.
The results of this work emphasize the importance of studies analyzing the behavior of chronic diseases for subsequent development of prevention strategies. The high rates of years of life lost due to cancer, as well as to other chronic diseases, translate into a large volume of labor disabilities, burden on health systems and economic impact for families and society. All this may lead to social impairment and impoverishment 10 .
The definition and calculation of the PYLL rate imply that higher rates correspond to a greater number of premature deaths. This ends up negatively impacting the economy, since premature deaths would affect the production of the young and productive populationnot to mention the attempts of treatment before death, which generate high costs for the health system 22, 23 .
It is suggested that further studies on the trends of the PYLL rates are carried out to monitor the situation. This is the only way to learn more about the behavior of this disease and subsidize early detection strategies, timely diagnosis and treatment.
